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© Novel btemateimide derivatives. 
© Novel bbmaloimidcs uf the formula 
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wherein n-1,2 or 3 ore formed in 1*0 steps by reacting a diamine anri maleic anhydrido to form a 
bismaleic acid which is reacted with acetic anhydride in the prejence ot acetone ro form tne bfsmaleimldfi 
Thio con then bo further reacted with a high molecular weight nolyoyyaJkylgneemino resulting in a novel 
bismaJeimide derivative of a higher molooutar weight poiyuxyalkyieneamine, which derivalive has th» 
genera? formula. 
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Wherein fV and R 2 ar* independently alkyl or hydrogen, x, y and z depwnd on ine amine used, n is 1 . 2 or 3 
and m is predominantly I. 
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NOVEL BISMALE1MIDE DERIVATIVES 



This invention rel3toc to biamalcimides. Mure particularly, this invention relates to novel bismeleii'oiUa 
derivatives obtained from oxyelhyten* diamines and anhydrides or hiybur molecular weight polyoxyalkylene 
aminec. 

5 Bismaleimida polymers are important primarily for their thermal stability, which usually results from 

aromaiicily in die structure. Altnough the majority of bismaleimidca have thereto-!* been prepared from 
aromatic dlaminee, allphctic compounds cmi also provide Oenefits in improved procescibility, flexibility and 
solubility. Bismaieimides have, for example, been prop3rod from alkyiene-uiarnlnes (J. Appi. Poly, ScL 2fi, 
891-89© (1084) and from JEFFAMINE® Examines {U-S. Patent 3.951 .502), In a ccri©3 of Japanese 

10 patents issued to Mitsui Tnatsu Chemicals (JP 82 205,413; 83 40,374; 83 l3,b15: 83 136.637). bis- 
maleimides were also prupared from diamines such as 4.7<lioxadec8neo.i0-diamine (reduction pmduct of 
cyanoethylated ethylene glycol} and rolatod diamines. these are used with ooiybutadiene in preparation of 
copolymer. The maielmlde of trietnvfene glycol monoamine Is also reported in one of these patents. Use ot 
The nxyethylene group to Increase flexibility has been *rfectlv© in some otner types of polymers as well. In 

75 J. Macromol. Sd.~Chem., A21. 1117*1135 (19fU) there is describod preparation of "reactive plastici'er.s" 
with acetylene endgrcups and internal oxyeiiiyierie groups. Srenzenberger. in German Patent No. 2,127,024 
• disclosed the preparation of an aliphatic bismaJeimide from 2,2 ( 4-trimeUiy!}!exane-l,6*diamine and in 
German Patent No. 2.1C5.974 ho described Its thermal polymerization. 

The use of mixtures of pn I yo*y a Iky len© bicmaJoimidea {with molecular weights greater than 400) and 

so aromatic bismaleimides in preparation of flexibili2ed polybismateimides is dleclocod by de Koni09 in 
European Patent Application No. 206,383. While the heat distention temperature tell with increasino amounts 
of flexibilizlng bisfnelelmlde, the elongation and flexure at hraak both increased. 

In IJ S. Patent No. 4,237,262, Jonea discloses a low temperature curable composition comprising at 
bast one curable poiyimiae prepolymer formed by heating an aliphatic oxyolkyieno bisniateimide with an 

as aromatic polyamlne and at loast one aromatic bisinalelmlae ana at least one aliphatic Rpoxy resin. Tho 
reaction product provjoes at least two functional epoxy group© to provide a low temyyreture curaole 
composition. In U.S. Patent No. 3,951,902 Juuws et ai. disclose a compliant polyimide having superior 
thermal mechanical properties produced hy reacting an aromatic bia(furfuryiimido) v*nh an aliphatic ether 
bis(maleimide) via a Diela-Alder reaction. 

30 In U. S. Patent No. 4.116.937. .tones also dlscloEoc a rcain aystom piopored by Mlcnael addition of a 
mixture of oxyalkylene and aromatic bismalelmldes to aromatic diamines. The oxyalkyleno biomaleimides 
have molecular weights of about 750, and the product ia a glassy solid at room temperature. 

In the work desculwd In 4.1 16,937 tne objective was to make elsstomere. The elongations for the 
polymers described in the examples therein ronga from 70% to 1 70%. These polymers were probably not 

as v©i"y riyid, this property D8ing a function of the molecular weight of the amines used and the distance 
between rnaleimide units. Anothor disadvantage is that Uio amines useo here are aromatic amines, which 
art; in many cases known or suspected to be carcinogenic or otherwise toxic; although the Issue is not 
specifically addroceod, it ia not likely the "flexible polylmide precursor", with its aromatic content, would be 
soluble to any great extent in water. 

to Nagasaki, in European Patent Application 191.331. reveals the use of certain oxyaikylene biemalcimides 
in rubber compositions. 

A cureble resin composition Is disclosed in Jpn. Kokai Tokkyo Koho JP 58, 136,637 {83,130,007] 13 
AUQ. 1983 to Mlisni Toatsu Chemicals. Tho compounds contains an alipnatic imiae and poly butadiene 
containing double bunds. 

as A Japanese Patent to Miteui Toot3U Chemicals, Inc. (JP 58,127,73b 183,127735] (CI. COBG 73/10), 20 
Jul 1 963} discloses neat resistant electrical insulators for printed circuit boards which aie prepared trom 
mixtures of aliphatic polyether bisimides, o;um2tlc blsimides and diamines. 

An article DV White in Ind. Eng. Chem. Prod. Pes. Dev. 26, 305-400 discusses the Tact that Pisimides 
offer potential for tho synthesis uf Iriyh-moieCular-weiQnt. Step growth polymers. It is stated they ere flanked 

SO Dv two electron- wittidrawlnrj carbonyl groups, and the clectrophific maMmide caroon-caroon-double bonrt is 
especially labile to nuclwuphlllc attack and Vi0ldS Michael type adducts with both amines and thiols. The 
paper foruises on the requirement for preparation of tliuse polymeric Michael adducts. with additional 
amoUasis un the effects of tne enormous structural variety available within the class in the thermal ana 
physical properties of those new resirw. 

In the art experimental data are available wherein polymers were synthesized which are structurally 
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related to those formed by nuclcophiiic or MitVia*i addition of oiaminoarenes. but which had more flexible 
DackDOnes and lower glass transttinn temperature (Tg). See "Reaction of Olamtnoalkanes with Bis- 
malcimidca: Synthesis or Gome Unusual Polyimides". Journal of Applied Polymer Science , Vol. ZQ % 091-899 
(1984). 

3 3hav* and Kinluch have Studied tne effects of rubber concentration on the morphology, bulk mechanical 
and thermal properties and tho adhesive strength of U m bismaleimide by the addition of various amounts of 
a caroonyKerminateo butadiene (CTBN) rubber toughening agont, ond concluded Uiat surprisingly larpe 
amounts of CTBN rubber can be added to substantially improve the fracture resistance of tho biemaleimide 
resin without sacrifirino other important properties, {aee Toughened eismaleimide Aanesives". InU 

io Adhesion. July 1985, pp. 123-127.) 

A growing number of applications for polyimrdes are discussed In an article titled "Premium Perfor- 
mance irom Poiyimides" in ME. January 1986. p. 14-19 

In U.S. Patont No. 4,277,502 Mueller disuluses water-insoluble hyorophilic copolymers insisting of a 
nvdrophiflC polymer Oi monoolefinir. monomers cross-linked with o major amount \jt a diolennlc nor> 

12 hydrophilic maeromer. 

Polymerization nf th« bismaleimide of dimer diamine, which also contains a hydrocarDon backbone. Is 
disclosed in U.3. Patent No. 4,564,663. The product polymer is hard and thermally stable. 

|j iftpears ihere is a large market for biomoteimidos and a ^uud dual or research in tne art has bfifin 
directed tuward studying properties or and better methods for producing these compounds, Bismaleimide 

so compounds are increasingly important in high performance; polymers commonly used as matrix resin for 
composites. It is believed, that the DOlybismaleimidft derivatives of the inetant invention, particutas ly those 
derived from di-. tri- and tctreethyleno glycol diamines Including bisaminoethyl ether. JEFFAMIN£<5> EDR- 
145 and J hr* FAMINE© EDR-1 92 woulrl he useful as monomers in hemopolymers and cupulymers and 
would exhibit odventoges including iinyruvad flexibility, processibility, toughness and snh ibility. They could 

25 be used alone or in combination with other materials such ac aliphatic or aromatic diamines or unsaturated 
compounds {including aromatic bismalelmlOes) to give copolymers. Additionally, the polybismaloimide 
derivatives from higher weight polyo*ya.Ikytene aminos have the advantage thai aromatic amines, which are 
in many cases Known or suspected to be carcinogenic or otherwise toxic, are not used to prepare tho 
materials. 

ao In another embodiment of the invention monomers am prepared from higher weight polyoxyai- 
kyleneamines having a polyoxyalkylono backbone and aromatic bismaleimide termination. 

The products resulting irom the latter embodiment would be of particular imorcst because they are 
formed from the reaction of two commercially availably materials. The method of preparation disdosed is 
much easier than the direct route, using malelr. anhydride. Those mstorials ore useful in the preparation of 

36 homopolymors and copolymers that may be suitable as matrix resins in composites. 

The seri8S Of oxyethylene diamines consisting of 8AEE {bi3ominoethyl ether, ui dlethylene glycol 
diamine), JEFFAMINC© EDFM48 (Methylene glycol diamine), and JEFFAMINE© FDR-192 (tetraethyionc 
glycol diamine) are promisino candidates for conversion to biameleimides {eys. 1.2). Incorporation of 
bismaletmides made from these diamines could give new prepolymers ?nd polymers with enhanced 

co flexibility. pmr^ssibiBty or solubiliry. The polymor prepared from the addutt of EDR-1 48 ana fc'DR-148 BMI 
was e. ifefastivtriy hard material with a hiah tlexural modulus (r.lnse to 500,000 psi). In the inatant Invention 
there was less distance between tho maleimlde units than in, fur example, the case ot 4.116.937. whnre the 
amines had a minimum molecular weight of 600. and therefore the instant polymers exhibited more riyidhy. 
Another advantage of the inatont invention is thai the ptepolymer products exhibit solubility in water, unlike 

<s products resulting from the use of aromatic amines. 

Ono derivative, In particular, Is Uie bismalelmirje of uietnylene glycol diamine. This bismaleimide chould 
be Quite useful as a monomer, but »t is solid. Thic dctroct3 from the usefulness for many applications. By a 
method disclosed in another embodiment of the instant invention if. is converted to a liquid form suitable for 
polymerization. Water-soluble bicmaloimidcs end polybismaleit nidus have been sought in recent years. «nH 

su compounds such as the prepolymers Ot this invention could prove to be especially useful in this respect 

In accordance with tho present invention there is utc-vlded a novel bismaleimide derivative which is of 
the formula A or b and is formed at a tempfirature sufficient to caucc thermal reaction between heated 
components of the mixture of: 
(a) at least one diamine nf The formula 

55 f^NCI 1 2 CI l Z -(-OCH2CH2-) n -NH2 
wherein n equals 2. 3 or 4 and 
(b> maleic anhydride 

wherein components (a) end (b) form a bismaieamic acid represented by the formula 
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whicn is tunher reacted wrth acetic anhydride tn form a bismaleimide of the formula A: 

0 

^CH 2 CH 2 CH r (^OCH a CH r ) ft .N^j| 

0 

wherein n = 2, 3 or 4, which optionally can be further reacted with a potyoxyolkyienearnine with a 
molecular weight greater than about 200 resulting in a bismalelmfde derivative ot a higher modular weight 
polyoxyalkyleneamine cf formula B: 




r 



■H 



it h 0 0 



0 



R-CH 2 CH 2 .(0CH 2 CH 2 .) n > 



wherein R 1 end FP sr© independently alKyl oi liyUrugen, x, y and Z depend on the amine user! n is 1 . 2. or 
3. and m is predominantly 1. 
35 Tno oxyetnyien© blsmaicimiue derivatives are prepared worn an oxyethylens diamine having the 
formula: 

H2NCH 2 CH 2 -(*OCrl2Crl2-)p-NM2 (I) 

where n = ?. 3 or 4 which is combined wrth mateic anhydride of the formula: . 



0 



(II) 



to form a bismafeamic acid of the mrmula: 
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H0-A^ v -^CH,CH,0i-CH,CH. 



(XII) 



wnich »S reacted win acetic anhydride in the pres^nc* of acetone solution to form a bismalsimM* U i the 

formula: 
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(IV) 



«hc?ie n = 2. 3 or 4. 

JO The novel bicrndcimide derivatives of higher molecular weight polyoxyalkylenoamines repre&c.He<j by 
tne formula; 
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3S or© formed by combining I ana 1! tt> lorm III and IV which is then further reacted wiili a poiyoxyai- 
kylen8amin* with a molecular weight o/coter than about 200 to form the above. 

In atiulher emboajmeni aromatic bismaleirniri* derivatives arc prepared by reaction of poiyoxyai- 
Icyleneamines with commercially availably aromatic blsmaieimides. These materials are ueefuf in the 
pt^pararion of homopolymers and copolymers that may be suitable as matrix resins In composites. This can 

30 be represented by tho following: 

H z H.{-mh* z 0-) x - (-CHR 2 CH J 0-) y .(-CH 2 CHR , 0-) l . 1 -CH 2 CHR 1 «M 2 4 

35 
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where FT an J H 2 are independently alkyl or hydrogen, x, y, and z depend on ine amine used, n is 1 , 2. or 3, 
anrl m is predominantly 1 , 

Preparation of monomers containing polyoxyelkylene bauKbones ano aromatic bismaleimide termination 
in this second embodiment is much easier than by direct route (roaction of the puiyoxyaikyisneamine with 
maieic anhydride); from monom erg biamafeuniUe copolymers and homonotymers may be prepared by 
several tuythods. . 



Diamine Starting Materials 

The oxy ethylene diemine reactants represented by (1) above Include di-. trl-, and tetraethylene glycol 
diamine compounds 

Of Special note are the MFFFAMINE"® EDA scries diamines". The structure o? "JEFFAM1NF8 EDR* 
can bo gonericelly illustrated as follows: 

where n • 2. 3. 

In one example the diamine used to JEFFAMINE«> EDB-148. JEFFAMINE© 5DR-148 is the trademark 
for o triethylena ylycol diamine produced by Te*aco Inc. In another example the diamine Is JEFFAMINEG 
EDR*ift? JEFFAMINE© EDRiOn is the trademaik tor tgraatftytsae Qiycol diamine produced by Toxaco. 

Pieparailon OT the oismaleimides is effected by reacting a diamine with 2 mylws ot maieic anhydride. 
Thsse reactants are mixed with a small amount of solvent to tacilitate the mixing process and the solvent is 
subsequently driven orf after the bismaleimide Is formed. 



Preparation of the Bismateimidos 

The bismalelmida product ts preterentialry formed when a bis(amtc acid) (prepared from the ox- 
yethylena diamines and maieic anhydride) ia reacted with an excess ot anhydride at autogenous proecuro 
at a temperatuie wittiln the range or about 50* C rn about 150*C for a reaction time within tne range of 
about 0.S tn about 12 houre. Good results are obtained by heating tne mixture at 6(1* to lOO* C for 0.5 to 4 
homs to provide complete reaction of the diamine and the anhydride- Normally, the reaction will to to 
completion after a reaction time within the ranye of about 1*2 hours. 

The reaction is complete when essentially all of the diamine has reacted with the maieic anhydride. 
Under the noneatatytlc reaction conditions employed herein, the amine groups of the polyoxyalkyleno 

diamine are essentially unreactivg with each other. 

The biemaicimide monomers and prepolymers that are formed hy the process of the present invention 
are iiQUid or crystalline solid materials having a molecular weiyhl within the range of about 250 to about 
1000 or to obout O000 in Uie case of the nigher molecular weight derivatives containing no temiinaJ primary 
amine groups. 

The reaction mixture will compnse a diamine addition product which may be generally characterised by 
the following formula: 



wherein n represents i. ?. 3 or a. 

A venety of mofeuular configurations is possible for the bismaleimidcs of the present Invention, 
depending on the starting materials. For example. when= the starting materials are bisaminoethyl other and 
maieic anhydride, the blsmaleimifle will have the formula: 
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The bismalsimirie derivatives of higher molooular weight polyoxyalkyleneamlnes are formed by reacting 
« the bism&lointidb furmed by the process described abovA with high molecular weight polyoxy&Jkylene 
amines described below. 

Where JEFFAMINEu EUK-192 is reacted with malftic anhydride, th© reaction product dial is (ormeO wilJ 
be composed principally of o bismaJeimide addition product having the formula: 



20 



0 



jT^NCH 2 CH 2 0Ctt 2 CH 2 0CH 2 



In another embodiment of this invention tho eolid bi3maleimides of this Invention are converted to liquid 
prypulymers. 

The significance of thie invention is thot the bismaleimiUw of methylene glycol diamine or other golid 
oxyetflyiene Dismaleimiae snould be quite useful as a monomer except that It io o 3olid, which detracts from 
its utility for many applications. By conversion inlu the prepOlyrner me oxyethylene hismaleimid© Is 
unexpectedly converted into a liould form suirahie for polymerisation. The liquid pioduub can be curea 
thermally to give hard polymers. The polymer* are potentially useful as matrix resins or components thoroof 
00 containing ether linkages that may Impart improved proceseibility. 

The liquid form «s obtained from Uiw blsrnaleimice by reacting the solid with EDIVU8 to givo a liquid 
btsmaleimidoaspartimidft prepoiymer. In many applications liquids ar© preferable to solids and the liquid 
prepolymers can be eui«nj thermally. 

This can b* represented by equation 3: 



H 2 NCH 2 CH 2 OCH 2 CH 2 OCH 2 CH 2 NH 2 + 




X 



so 



65 




N — R — N 



y^VcH^.I-OCH^I,.!.-/^ 

■ ■ v~ R 

0 

R -CH 2 CH 2 -(-0CH 2 CH 2 -) n « 



-0 



v/nere m = 2, n =2 and k is predominantly l . 
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Example Per The Preparation of Oiomine Dismole»i»ues From Qxy ethylene and Anhydride 

The preparation of the prepolymei is carried out at temperatures up to i?5*C and polymerization is 
carried out at SUbatmospheric or superatmosphcric pressures. 
5 in Specific Examples I to VI the preparations of three bismaleamic acids wero quite similar and were 

based nn the preparations of biemalormides from alkylcne-dlamlneS reported by White (J. Appl. Poly. Sci 
29, 891-899 0 9B4-), incorporated herein by reference. 

Specific Example vil demonstrates u«a preparation ot the bismaleimidoaspartimide 
Specific Example VIII demonstrates the use of tho bismaleimidGaspflUnnide in polymer preparation. 
70 The foflowiny camples are given in the way of illustration only and are not intended es limitations on 
the scope of the invention. 



SPECIFIC EXAMPLE I 

in the preparation or the blsmaieamic acid trom Methylene glycol diamine, maieic anhydride (62 g. C30 
mmol) was dissolved in 250 mlchlorororm; the 30'ution was cooled lu 8 * C In 500 m!.3-necked round- 
bottomed flask ftL-imupwfj vAlh magnetic stirrer and niuogen inter Tri ethylene glycol diamine (40 g. 320 

20 mmol) wa? added dropwise (with the temperature kept beiov* about 10* C) over a period of three hours, 
which led io precipitation oi a white solid within the first hour. After the addition was complete, iho slurry 
was allowed to warm to room temperature and slirryd for two nours more- me mixture was then filtered; 
after it was dried under vacuum a white powder (i0S g, 95%) w3e obtained, m. p. iSO-i5i.5* C. Titration or 
thie col id ehowod on acid content of 5.77 myq/g; theoretical aciO content is 5.76 mfiryrj Spectra (nmr, ir) 

25 were consistent with the assiflnert structure. 



SP£CIKK; EXAMPLE H 

30 

Preparation of the tetraethylena glycol diamine meleanVjc acid w&s carried out Similarly, but this material 
did not precipitate as a soiio. Near the end of the addition two phases appeared; tho upper phase was a 
chloroform solution of the bicmaloamie edd. After removal of the chloroform^ the residual oil solidified and 
gave, arter Crying under vacuum, a white powder (53 g. 87%). m. p. 96-101 "C. Titration of this solid yave 
36 an acid content of 5-24 mog/g; theoretical acid contain Is 3. i5 meg/g. Spectra (nmr, ir) were consistent with 
the assigned structure. 

SPECIFIC bXAMFLE HI 

40 

The bismaleamic acid from diethylcno glycol diamine piedpilated immediately on addition of the amine 
to the anhydride solution and was isolated as a white powder After it was dried undor vacuum 00.3 g (96%) 
was obtained, m. p. 164-166* C. The acid content found by titration to be 9.73 meo/g: the theoretical 
46 acid content is 6.9/ meo/g. Spectra (nmr. ir) were consistent with the aeeignod structure. 



SPECIFIC EXAMPLtS IV-VI 

30 

Examples IV through VI represent the second step of the twu'Stajj process Wherein me bismaleimides 
are prepared from the bismaleamic acids. 

The biemaleimidoc were prepared by reaction of the bismaleamic acid with acetic anhydride in acetone 
solution in the presence of triethylamine and acetate salts. 

56 

SPEClHC EXAMPLE IV 
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In the preparation cf Methylene glycol diamine bismaleimide. me bismataamic acid (GO y, 0.17 mo!). 
tiieUiytamine (11.5 g. 0.11 mol). and sodium acetate trihydretc (1.9 g, 0.13 mol)) were added to acetono 
(200 ml) in a 1O0O ml 3-necked round bottomed tlask fitted with nitrogen inlet end maynertc Stirrer. Acetic 
anhvonde (11 0 g. LOS mol) was added, and the resulting mixture was heated at reflux (70* } for 2.5 hours; 

6 during this period the solid dissolved and the soltrtion darkened- About CO ml acetone were then distills 
The rfisichip was allowed to oool to 50 , and must of the rest of the anyone was removed under vacuum 
with the temperature Kent below 60* . Some solid appeared in the daik residue, and the resulting paste was 
poured into 500 ml stirred distilled water. A precipitate formed and was filtered from the daik solution, then 
washed on the filter wrth methanol <3 x 4Q mi) and dried undei vacuum to Qive 20 g (37%) off-white powder, 

to m. p. 02-90 * . Spectra (nun, Ir) were consistent with the assigned et/uoturc. 



3PECIFIC EXAMPLE V 



When tetraethylene Qlycol diamine (JEFFAMINE© CDfVi92) was the Oismaleamlr. *dd precursor, a 
oolid bismaleimide could not be prepared, instead, a dark, viscous liquid formed which was more soiuole 
than the other twr> products and could not be induced to solidity. The wfoton nmr .spectrum of thie materiel 
appeared to be Dial of a mixture containing a majOT amount (ca. 70% by nmr) of the desired bismaleimide 
20 along with smaller portions of unidentified impurities. 

SPECIFIC EXAMPLE VI 

Preparation of the bismaleimide from diethylene glycol diamine was carried out identically and arrorded 
a very light tan solid. m.p. 154.5-1 5S.5* . Spectra (nmr, »r) were consistent with the assigned structure. 

Heating of these bismalelmtdes alone at 180* -200" fnr 0.5-1.0 houre gave hard, transparent, somewhat 
brittle brown polymers with decomposition temperatures found by thermogram metric analysis to be 
30 approximately 440 " G (blsamlnoetnyi ether derivative) and 400 " C (biothylone glycol diamine derivative. 

GPECIFIC EXAMPLE VII 



Example Vll demonstrates the preparation of tho bbmeJeimldoasuartlrniae from the triethylen*? glycol 
bismaleimide. in e 250 ml 0-neckyU rouna-OottomeO flask, under nitrogen, a solution of triothylenu glycol 
aiamtne (1.68g. 11.3 mmnl) in to ml chloroform is addod diupwlse to a solution of trieTbylene glycol 
biamcleimide (7.00g. 22.7 mrnol) in 40 ml chloroform at 40* The resulting orange soluiiuri is neated at 
cq reflux for 1.5 hours and then concentrated under vacuum lu give immediately 8.1 g of the prepolymer ac a 
viscous orange liquid. 

SPECIFIC EXAMPLE VUl 

txample VUl demonstrates the use of tho biamaleimidoasuartlmloe in polymer preparation. A l7.5g 
sample of the prepolyi'nwr was heated at 60* under vacuum for 3 houre, thon pourtd Iniu a 5 x 3.2b mold 
which was placed into an oven at 126*. The oven was heated to ib'b'' over a one hour period and then 
ao held at 165-175* for an additional two hours. The product polymer waa obtained as a hare, rea, tairly stiff 
plaque with a room ternperaturo floxurot modulus (ASTM r>790) ot 460.000 psi. 

Olher examples include bismaleimides of 2,4-toluenediamine, 4,4' •diamtnoaiphenvlmethane. M- 
diam»noben2ene and 1 ,3-diamInoben2er»e- 

One aromatic bismaleimide which works welt ic 4,4 -bismaleimidodlphenytmetnane (MDARMI), shown 
sb below: 
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Examples for the Preparation of the Bismalelmide Oorivativec of Higher Molecula r Wgiyiu Polyoxyalkyienearnines 



16 



20 



The novo! Usinalelmlaes are prepared by reacting low molecular weight oxyothylcne diamines vtilh 
higher molecular weight poly oxy alky Ion© amines to form bis {malelmiaoaspartimvoe) compounds. As men- 
tioned the reaction is a Michael addition. The reactinn works particularly wo" wrth propylene uwuc capped 
poryoxyalkytenesminoc. The low molecular weiohl uismalelmides react with the propylene n*ide capped 
da/nines in z 2/1 ration to give bis-Michael aririucts. 

in tho mothod of the instant invention the blsmaielmide is dissolved in Chloroform and the polyoxyal- 
kyieneamine is graduaJIy edded. The resulting solution is ctirrod at a temperature of fium 20 "C to 140* C 
with tho preferred range being 40-80 * C for a period of Trom 1 to 4 hours. The rhtnroform is then romovod 
under vacuum with thft temperature kept below 56 * C. In most cases the uroduct Is a tiquia at room 
temperature. 

In ihp. method of this invention, the proecuro may range from Q.5 aUu to 50 aim. The preterred pressure 
is aUugsphuric. 
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Tho Polyoxyalkylonoamlnca uaod for the preparati on u[ derivsOves with higner molecular weight. 

Generally, polyoxyalkyieneamines which wilt work are those witn a molecular weight nf greater than 

axi. 

One group of auitablo amines dm uulyoxyalkyienediamines ot the formula: 
NH 2 CH(CH 3 )CH ? -(OCH 2 CH(CH a )L-NH 3 

Compounds having the above formula include JEHrAMINE® D series diamines which are baeed on a 
polypropylene Glycol (PPf?) backbone and are available in a variety of molecular weights. Tney are low 
viscosity, light-cokiied liquids exWDltlng low vapor pressure and hinh primary content. D-eerlos amines 
inrHtde H-230. D-400 and D-2000 with approximate molecular weiyhls of 230. 400 and 2000 respectively. 
Guod results were obtained using 0-400 as demonstrated In Specific EXAMPLE I. 

Another group which can bo used «3 water-soluble dun nines based On a predominantly polyethylene 
glycol (PEG) backbone ot the formula; 

NH 2 CH(CH 3 )CH 2 -[OCH(CH3)CH i l t -{OCll2CH2V[OCri2Ctt(CH3)LNH2 

Poly oxy ethylene diamines having this formula include the JEFFAMINE®-CD series diamines. £D series 
include ED-600, ED-900 and ED-2000. having approximate molecular weights of 600, goo and 2000 
respectively. 



Aromatic Blsmalelmides 

Where aromatic Otsmaleimide derivatives nf polyoxyalkyleneaminee arc the desired product suitable 
aromatic biemaJoimidco can be selected from among those whlcn are commercially available 
One suitable aromatic bismaleimide has the formula: 
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^reparation of the arnmatic bismaleimidc derivatives slrould be carried out under a temperature of from 

45* C to 75' C. The preferred temperature is under approximately 125* C. 

The products resulting from thio method are uswd to make polymers by reacting them at a temperature 

of at least 130*C for about 30 minutes to 2 hours in the presence of either au additional amount of tho 

hirjher molecular weight biemoleimidc derivative or In the presence of a suitable copolymer. 

The following examples are given in the way of illustration only and ere not Intended as limitations on 

the scops of tho invention- 
Examples I through !V demonstrate the preparation of bisinalelmlde derivatives Of higher molecular 

weight polyOjcyelkyleneamlneS. 

In these preparations the diamine (neat or in chloroform solution) is aoded to a chlornform solution of 

the oxyethylcne bisfiialulmlde. The following illustrates the procedure for two different poryoxyal- 

kyleneaminas. 



25 



SPECIFIC EXAMPLE I 
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The biemalcimide of bisamlnoeUiyl ether (24.og. 93 mmol) was dissolved In 175 ml chlorofomi at 55* C 
in a SOU ml 3-necked round hnttom flask; the IMOO (i8.6g, 48 rvitnuf) was addeo over a 10 minute poriod. 
The rcculting solution was healed at 55* C Tor an hour and then allowed to oil at room temperarure 
overnight The chloroform was removed under vacuum, with the temperature kept below S5~ C. leaving o 
tan paste, 47g, n0% (uiiloroform not entirely removed. Tne nmr analytic of thi3 materia! was as expected 
for the desired product. 



SPECIFIC EXAMPLE II 
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Tho biemaleimidc of JErPAMlNE© EDR-143 (triethyiene glycol diamine) n.lg, 45.0 mmui) was 
dissolved in 100 ml chloroform in a 250 ml 3-neckcd round-bottomed flasK. The fcU-900 (20.0g. 5>2.2 mmol) 
was added in a steady stream, and the resulting oranoe solution was heated at 65* C for 2.5 hours. Tne 
Chloroform was then removed under vacuum, with the temperature kept below 55 "C. o'^ng a vieoou3, 
rather turbid brown liviuld, 33.1 g, 87%. The proton nmr spectrum of Ihlc material was as expected tor the 
desired pmriijr.r. 

Use of these products in preparation of polymers, both alono and with other Uismaielmides, is illustrated 
in the following examples: 



TO 



SPECIFIC EXAMPLE III 



55 



The product of Example II aoove (1.0g) was heated with tho blamaleimide ol JErTAMINfc© EDR-Ufl 
M.flrj) at 185* C for 45 min. The product was a clear, hard, dark orange polymer with a decomposition 
temperature or 380* C determined by rga in nitrogen. 



SPtUFfC EXAMPI E IV 
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The product trom Example I ahove (2.6g) w3c nested at leo'c (after a briet initial heating to 2i5*C) 
for one hour. The product wo* a clear, TlexiDle, Orange polymer with a decomposition tempciature Of 2/U* C 
determined by tga in nitrogen, 

Examples V througn IX demonstrate the method of producing an aromslic uismelelmlde derivative and 
5 the use of the producto in homopolyinerizatlon and C0polymeri2ation In a general preparation ui ihe 
compounds of mis invention, a chloroform solution of the polyoxyalkyfwne diamine is added to a chloroform 
solution of the aromatic bismalelmlde. The resulting solution is optionally hooted and th$n cvMcentratea 
under vacuum to afford the bismaielmidc product, which can be polymerized. 

10 

SPECIFIC EXAMPLE V 



7$ Reaction nf JEFPAMlNSfr O-400 with 4,4 -bismalgim i dou'iuheny I methane (MUABM1): 

The W1DABMI (8.52g. 23.S mmol) was dissolved In 45 ml Chlorotorm at 40 " C In a 2.50 ml 3*neckod 
rouna-oonomed flask under nitrogen. A snhrrinn of JEFFAMINE® D-4Q0 (4.Qig. 12.0 mmol) in b ml 
chloroform was added dropwise over a 5-10 minute pence, resulting in a darkening ot the solution. The 
20 chlorotorm was removed under vacuum, with the solution hooted in a hot walur bath, leaving 12.5g of 
giaccy orongo 3olid. 

SPECIFIC EXAMPLE VI 

Reaction of JEFFAMINE* gD-000 with MP AB M): 

30 The MOA8MI (S.OOg. 16.6 mmol) *ias Unsolved In 40 ml chloroform at 45 *C. A solution of ED-000 
(7.52g, 8.3^ mmol) in 5 mi chloroform wa<? added dropwiee over o 5-10 minute peuud; the resulting orange 
solution was otirrcd at 4f>4S*C for two hours, Wen concentrated under vacuum (heating With hot wetor 
Datn) to 12.0g of a very viscous rvange liquid. 

35 

SHfcUflC EXAMPLE VII 



«D Reaction Of JSFFAMlNfcS EDM 48 (triethyleneQtycol diamine) with M DAB Ml: 

Tne MUABMI (8.00g. 22.3 mmol) w?$ dissolved in SO ml chloroform and heated to 40* C Tne SDR-148 
(l.66g. 11.1 mmol) was dissolved in 0 ml chloroform and added dropwisa nv©r a 10*15 minuto period. The 
resulting solution was stirrad at ao'C for two hourc, then filtered" from a small amount ot solid and 
4t concentrated under vacuum to a yellow glass that sonened at approximately 90*1 OS * C 

6FCCIF1 C EXAMPLE VlH 

so 

HomopolymGrization of JEFF A MINE® Q40Q/MDAgMI afldUCt: 

A i.5g sample of the glass was heated to 200 *C ovsr a as min period and held ot that tampoature Tor 
55 35 min. The product was a hard, opaque red polymer with a decomposition tampargture not yet 
determined. 
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ePEcinc EXAMPLE IX 



Copoly meiizctfon OT JEFFAM1NE& EP-b'UuVMDABMl adrinct with JEFFAMINE gDn-148/E D R-l48 BMl 
adduce 

A mixture of 11. 3g of £0-600 adduct find 3.38g of EDR-l467tpR-148 bismaleimide adduct was hooted 
unaer vacuum at 65 C for two hours and then poured into e 7 x 3.25 x 0.125 mold. rne mold was 
hooted in an oven at l6(M70"C Tor 2.75 hr, and ine product polymer was obtained as o red, scmitran- 
sparsnt planum with some voids resulting from evolution of volatile;,. No properties nave been determined 

SPECIFIC EXAMPLES X-XXU 



Smell samples of some or thy polymers werc^ prepared from thssA materials by hooting the 
prepoiymers in a mcranQirigir mold in air at 170" C 185' C A brief desoiulion of tneir properties is given in 
•the table below. Aminefr) ryfcrs to the amine reacted with the BMl source {Michael acceptor). 



Example 


amin«(s) 


BMl source 


propnrties 


X 


D-2000 


MDA 


red. flexible, inelaetic 


XI 


T-6000 


GDR-148 


orange, flexible* elastic 


XII 


0*400 


EDR-148 


red, flexible inelastic 


XIU 


ED-000 


EDR-148 


orown, flexible, slightly elastic 


xrv 


T-403 


EOR-^8 


red, comewhat flexible, imyliisUc 


XV 


D-400 


BAEE 


red. flexible, inelastic. 


XVI 


T.5000 


MDA/BAEE 


clear, yellow, elastic 


XVII 


D-JOO/T-403 


EDM-148 


clear, red. flexible 


XVIII 


ED-2001 


EDR-148 


orange. uansiucem. rather tiexiDie. inelastic 


XIX 


EDR-148rtM000 


tDR-148 


brown, opaque, very fle*iblo and clastic 


XX 


EDR-148/TV5000 


EDR-143 


brown, upaque, flexible ana strong 


XXI 


ET-3UUU 


EDR-148 


transparent, flexible, clootie 


XXII 


0-230 


EDR-148 


ryd, translucent, somewhat flexible, inelastic 



Amines and BMl sources beginning with D-. T-. CD-, EDfV. ut ET- rerer TO tne JEFFAMINE amine pmrhicis 
Uesiynaied as shown. BAEE is bis(aminoemyl)emer and MHA is 4,4 -methylonc dioniline. In Example XVI 
the molar ratio of MDA to 8AEE ic 1:1. 



Claims 

1 , A bismaleimide HArivtfive characterised in that it has the formula A or B ana that it is formed at a 
temperature sufficient lo cause thermal reaction Detween heated mmponents of the mixture of: 
(a) at Iftast one diamine of th© formula 
HjNCM2GH 3 -<-OCH2CM2-) n i NH2 
wherein n equals 2, 3 or 4 and 
ro) maieic anhydriae 

wherein components (o) and (b) form a Obinaleamlc acid represented by tha formula 

0 0 0 0 

H 2 H 

vvhich is lurUiuf reacted with acetic annydride to form a bismaieimide of th© formula A: 
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^NCH 2 Cll 2 CH 2 .(-OCH 2 CH r } n -/ j 



V 

0 

wnerein n = 2, 3 or 4. which optionally gan be further reacted with a poiyoxvalKyleneamine with a 
'0 molecular weight greater Ihan about 200 resulting in a bismalRimide derivative of & higher molecular weight 
polyoxyaikyieneamine of formula B: 



?5 



; 0 



» o 0 S' : >- 

k wherein R* and are independently alkyl or hydrogen, x, y and 2. depend on the amine used, n is 1. 2. or 
3. and m is predominantly 1 . 

2, A derivative according to claim 1 characterised In that tho diamine comuunem is selected from 
diethylene glycol diamine triethylen© glycol diamine and revaethyiene glycol /famine, bisaminocthyl ether, 
JEPFAM»N©8> EDK-148 and JEFFAMINF© EDR-192, 
nn 3, A biemaleimidc derivative according to Claim "» Characterised in that it ha* th« formula: 



3S 



0 0 
j^ / NCH 2 CH 2 -^OCH 2 CH 2 ) n -N(p 



40 wherein n * 1, 2 or 3. with bisaminoethyl ether ea tho diamine roactam for nM. with JEFPAM1NP© EDR- 
140 ea the diamine leactant ror n=2, and with JEFFAM1NF-® EDR-192 ae tho diomine reactam fur n = 3. 
4. A copolymer wherein on© polymer comprises a biatrial el mlde compound of the formula- 



te 



0 0 
l! «CH 2 CH 2 - ( -OCH.CHg ) n -N | 
0 0 



wnerein n equals 2. 3 or 4 ?nd wherein the copolymer comprises a compound selected from the group 
consisting of aliphatic or aromatic diamines and unsaturated compounds. 

5. A method of preparing a bfsmoleimide derivative characterised in that it comprises reacting a 
55 polyoAyalkylcntiamlne In a cnioroform solution with an aromatic bicmolsimide in a chloroform Solution, 
optionally heating the solution and subjecting H ie solution to a vacuum to recover the aromatic bicmalcimtde 
product. 
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f>. A method according to cleim 5 characterised in That tne polyoxyalkyleneamino i e of the formula 
H 2 N-('CMR'Cfl20-JvH-CHR i; CH 3 O-) 7 '(-CH 2 CHR , p-) 2 . 1 -CH,CHn , NH2 

where R' and R ? are independently, alky I or hydrogen, and t. y. and z depend on the amine used. 
7. A merhnri according to claim 5- characterised in thai the polyoxyalkvleneamine is of ths formula: 
5 NH 2 CH(CH3)CH2-[OCri 2 CH(CH 3 )VNH 2 . 
NH 3 CH(CH 3 )CHHOCH(CH 3 )CH^ 
or 

H : N-CH 2 CH<<OCH 2 CI hh'^Z 
where n= 1 or 2. 

to 0- A m£Lln>J according to any dt claims 5 to 7 characterised in that the aromatic blsinalulmlde is 4,4 * 
bismalermidodiphenylmethano. 

9. A metfiod according' to any of claims 5 to 8 charaotorisod in that the solution is heated at a 
temperature of from 50 * C-1 £S * C- 

10. A method tor preparing a Vioindbismaleimidoaspartimide prcpoly»ii<jr From tne soiiO bismaleimidft ot 
is the formula: 



20 I ^NCH- 2 CH,-{-OCH 2 CH 2 ) n -M 

Y ^ fc \ 

0 o 

25 r.rw?cterts«d »n that it cornprlcoc reacting said &uliu* blsmaieimide wrth triethylenft glycol diamino at a 
temperature or rrom 0 " C to 125" C to lorm a liquid prepoiymer eultabio for polymei i nation. 

11. A liquid biemaloimidoe3partimide p»cpolymer characterised in that It comprises 60 to 00 weight 
percent bismaigimide of the formula: 




JO 



3S 



SO 



11 . NCHjCHj - ( -OCH 2 CH 2 ) fl - 
0 V 



v/horcin n • 2. 3 or 4, and 10 lo 40 weight percent triethylene glycol diamine. 

12. A novel ammatic bismaleimido derivative characterised in that ft nas the formula: 

r n n 

0 j 0 « H 0 { 0 

"-0 : * - 0 \jf 



wherein FV and R 2 are independently alky! nr hydrogen, ,x. y. and c depend on amine used, and m is 
predominantly 1. 

13. Anv homopoiymer or cnpniymer charaetoriocd in that it is furrned Dy using the Oismalnimide of 
claim 12. 
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